1 CLAIMS 

2 WHAT IS CLAIMED IS: 

3 1 . An earth borina bit comprising: 

4 a) a bit bocw having a longitudinal bit axis and a bit diameter; 

5 b) at least one rolling cone cutter rotatably mounted on the bit body and having an 

6 offset of its rotational axis\from the bit axis of: 

1) at least 1/8 inch when the bit diameter is less than 4 inches, 

2) at least 5^32 inches when tjjgj^it diameter is 4 inches or greater and less than 5 
inches, 

3) at least l A i\id^ 7 when bit diameter is 5 inches or greater and less than 7 
inches, 

4) at lease M/32\ia<?h'es when the bit diameter is 7 inches or greater and less than 9 
in^fes, / \ 

5) at lea^t 1 3/32 inphes when the bit diameter is 9 inches or greater and less than 12 

15 inches, 

16 6) at least 7/16 inches when the bit diameter is 12 inches or greater and less than 16 

17 inches, and \ 

18 7) at least 1 7/32 inches yhen the bit diameter is at least 16 inches; and 

19 c) at least one super- abrasiv^ cutter element located on the rolling cone cutter and 

20 extending to full gage diameter. ^ 
2, \ 

22 2. The bit of claim 1 wherein the amoun^of offset is: 

23 



# 

1 a) at least 5/32 inches and less than 3/16 inches when the bit diameter is less than 4 inches, 

2 b) at least 3/16 inches and less than { A inches when the bit diameter is at least 4 inches and 

3 less than 5 inches. 

4 c) at least 9/32 inches and less than 5/16 inches when the bit diameter is at least 5 inches 

5 and less than 7 inches, 

6 d) at least 3/8 inches arid less than 7/lgr\nches when the bit diameter is at least 7 inches 



and less than 9 inches,! / J 

e) at least 15/32 inches anOe'ss than/9/1 6 inches when the bit diameter is at least 9 inches 
and less than 12 incftgs, \ / 

f) at least 19/32 ijpies and fess than V* inches when the bit diameter is at least 12 inches 
and less tha^l6 inches< and\ 

g) at least V* inches and less thaA 1 inch when the bit diameter is at least 16 inches. 



3. The bit of claim 1 wherein the amount of offset is: 

15 a) at least 3/16 inches when the bit diVmeter is less than 4 inches, 

16 b) at least % inches when the bit diameter is at least 4 inches and less than 5 inches, 

17 c) at least 5/16 inches when the bit diameter is at least 5 inches and less than 7 inches, 

18 d) at least 7/16 inches when the bit diameter is at least 7 inches and less than 9 inches, 

19 e) at least 9/16 inches when the bit diameter is at least 9 inches and less than 12 inches, 

20 f) at least l h inches when the bit diameter is kt least 1 2 inches and less than 1 6 inches, and 

21 g) at least I inch when the bit diameter is at least 1 6. inches. 
22 
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4. The bit of claim l\wherein the super-abrasive cutter element comprises a polycrystalline 
diamond coated insert. 

5. The bit of claim 1 whereii\the super-abrasive cutter element comprises a cubic boron nitride 
coated insert. 



7. The bit of claim 1 
row of the cone cutter. 




6. The bit of claim 1 wherein the^ugj^abrasive /utter element is located on the gage row of 
the cone cutter. 



abrasive cutter element is located on a secondary gage 



8. The bit of claim 1 wherein the super-abrasive cutter element is located on a heel row of 
the cone cutter. 



9. The bit of claim 1 wherein the cone cutter has a journal angle of about 33° or less. 



r 



10. The bit of claim 1 wherein the bit is a soft to medium-hard formation insert bit. 

l 

\ 
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11. The bit of claim 10 wherein the bit has an IaDC classification of 6-2-x or lower series 
-ftttmber. 
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1 12. The bit of claim 1 l\wherein the bit has an IADC classification of 4-4-x or lower series 

2 number. 
3 

4 13. The bit of claim 1 whereifc the bit is a milled tooth bit. 
5 

6 14. The bit of claim 13 where\n the bit has an IADC classification of 2-3-x or lower series 

7 number. 



i 
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15. The bit of claim 14 wherein fi^bit has a lAp/Z classification of 1-3-x or lower series 
number. 

16. The bit of claim l^urther comprisi)j ^super-abrasive cutter element located on an off-gage 
row of the cone cutter^ 

1 7. The bit of claim 1 further/comprising a super-abrasive cutter element located on an inner 
row of the cone cutter. 



18 18. The bit of claim 1 wherein there are three rolling cone cutters, each of which is offset. 
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20 19. The bit of claim 18 wherein each of the i three cone cutters has substantially the same 

21 ^yji&ttfrt-ofrrffeetr^ " 
22 



26 



1 20. The bit of claim 1 wherein there are super-abrasive cutter inserts located on both a gage row 

2 and a heel row of the rolling cone cutter. 

3 \ 

4 21. An earth boring bit comprising: 

5 a) a bit body having a longitudinal bit axis and a bit diameter; 

6 b) at least one rolling cone cutter rotatably mounted on the bit body and having an 



offset of its rotational axis fromuhe bit axis of: 



1) at least 1/8 inch when the^^^ffet^ is less than 4 inches, 

1 2) at least 5/32 inmeswjj^/the bit diameter is 4 inches or greater and less than 5 

I inches, /y\'' / 

3) at least lurches when tHe bit diameter is 5 inches or greater and less than 7 

I inched; Y 

> 4) at least 1 1 /3 lynches when the bit diameter is 7 inches or greater and less than 9 

I- inches, / \ 

15 5) at least 13/32 inches when the bit diameter is 9 inches or greater and less than 12 

16 inches, \ 

17 6) at least 7/16 inches when t^e bit diameter is 12 inches or greater and less than 16 

18 inches, and \ 

19 7) at least 1 7/32 inches when the bit diameter is at least 16 inches; and 

20 c) at least one super-abrasive cutter ^lement located on the cone cutter. 

21 \ 

22 22. The bit of claim 21 wherein the amount of offset is: 
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a) at least 5/32 inches and less than 3/16 inches when the bit diameter is less than 4 inches, 

b) at least 3/16 inches and less than l A inches when the bit diameter is at least 4 inches and 
less than 5 inches, ^ 

c) at least 9/32 inches and less than 5/16 inches when the bit diameter is at least 5 inches 
and less than 7 inches 

d) at least 3/8 inches and^less than 7/16 inches when the bit diameter is at least 7 inches 
and less than 9 inches, 

e) at least 15/32 inches and \9*^dian 9//6 inches when the bit diameter is at least 9 inches 
and less than 12 inche? 

f) at least 19/32 inches and le^ jKan Y* inches when the bit diameter is at least 12 inches 
and less than^o inches, 

g) at least inches and \es£ than \ inch when the bit diameter is at least 1 6 inches. 



The bit of claim 2 1 wherein the amount of offset is: 

\ 

a) at least 3/16 inches when the bit diameter is less than 4 inches, 

b) at least X A inches when the bit diameter is at least 4 inches and less than 5 inches, 

c) at least 5/16 inches when the bit diameter is at least 5 inches and less than 7 inches, 

d) at least 7/16 inches when the bit diameter is at least 7 inches and less than 9 inches, 




e) at least 9/16 inches when the bit diameter is at least 9 inches and less than 12 inches, 

f) at least 3 A inches when the bit diametejr is at least 12 inches and less than 16 inches, and 

g) at least 1 inch when the bit diameter is^at least 16 inches. 
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24. The bit of claim 21 wherein the super-abrasive cutter element extends at least to near gage 
diameter. 

25. The bit of claim 21 wherein the super-abrasive cutter element is located on an inner row of 
the rolling cone cutter. \ 



26. The bit of claim 25 wherein the super^fasive cyjfter element comprises a polycrystalline 
diamond coated insert. 

27. The bit of claim 21^merein t^e super-^orasive cutter element extends to substantially full 
gage diameter. 



28. The mt of claim 22 wherein the super-abrasive cutter element comprises a polycrystalline 
diamond coated insert. 

29. The bit of claim 23 wherein the sujipr-abrasive cutter element comprises a polycrystalline 
diamond coated insert. 



30. A hard to extremely hard formation-type earth boring bit having an IADC numeric 
nomenclature of 6-3-x or higher and comprisir g: 

a) a bit body having a longitudina bit axis and a bit diameter; 

b) at least one rolling cone cuttei|rotatably mounted on the bit body and having an 
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offset of its rotational axis from the bit axis of: 

1) at least 1/16 inches when the bit diameter is less than 7 inches, 

2) at least 3/32 inches when the bit diameter is at least 7 inches and less than 12 
inchesA 

3) at least 5/32 inches when the bit diameter is at least 12 inches; and 
c) at least one superiabrasive cutter element located on the cone cutter. 

31. The bit of claim 30 wherein\the super^orasive cujrcer element is located on an inner row of 
the rolling cone cutter. 

32. The bit of claim 30 wl^in the s^per-at/asive cutter element extends to at least near gage 
diameter. 

33. The bit of claim 32 wherein t6e sup^r-abrasive cutter element comprises a polycrystalline 
diamond coated insert. 



34. The bit of claim 30 wherein the amount of offset is: 

a) at least 3/32 inches and less tqan 1/8 inches when the bit diameter is less than 7 
inches, 

b) at least 5/32 inches and less th^n 7/32 inches when the bit diameter is at least 7 
inches and less than 12 inches, and 

c) at least 7/32 inches and less thaii 9/32 inches when the bit diameter is at least 12 



• 
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1 finches. 
2 

3 35. The bit of clai^i 34 wherein the super-abrasive cutter element comprises a polycrystalline 

4 diamond coated insert. 
5 

6 36. The bit of claim 30\wherein the amount of offset is: 

a) at least 1/8 inthes when the bit diameter is less than 7 inches, 

b) at least 7/32 inches when the bit diaijie^er is at least 7 inches and less than 12 inches, 
and 

c) at least 9/32 inched wherfthe bit dian/eter is at least 12 inches. 



37. The bit of claim 36 ^pereii\the supej^abrasive cutter element comprises a polycrystalline 
I diamond coated insert. 
\ 

15 38. The bit of claim 30 wherein j$e c\me cutter has a journal angle of about 36° or more. 
16 

17 39. The bit of claim 32 Wherein the sujber-abrasive cutter element is located on a gage row of 

18 the rolling cone cutter. 
19 

20 40. The bit of claim 32 wherein the super-\brasive cutter element is located on a secondary 

21 ^gage-rovrsffKe rolling cone cutter. 
22 
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1 41 . The bit of claim 32 ^herein the super-abrasive cutter element is located on a heel row of the 

2 rolling cone cutter. 
3 

4 42. The bit of claim 39/nj™er/comprising a super-abrasive cutter element located on the inner 

5 row of the rolling cone 
6 

43. The bit of claim 30 wherein the super-abrasive cutter element comprises a cubic boron 
^ flitrido coated inscrh- 



\ 

/44. A medium-hard to extremely hard 



formation-type earth boring bit comprising: 



a) a bit body having a longiti dinal bit axis and a bit diameter; 



b) 



at least one rolling cone 



offset of its rotational axis from the bit axi; 
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c) 



d) 



cutter rotatably mounted on the bit body and having an 
;of: 

4) at least 1/1 6 inches when the bit diameter is less than 7 inches, 

5) at least 3/32 inches v\hen the bit diameter is at least 7 inches and less than 1 2 
inches, 

6) at least 5/32 inches wften the bit diameter is at least 12 inches; and 
a journal angle being formed petween the rotational axis and the bit axis of at least 
36°; 

at least one super-abrasive cutter element located on an inner row of the cone cutter. 



J6. The bit of claim wherein the super-abrasive cutter element comprises a polycrystalline 
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1 diamond coated insert. 

2 5 i 

3 t$6. The bit of claim wherein the super-abrasive cutter element comprises a cubic boron 

4 nitride coated insert. 
5 

47. The bit of claim 441 wherein the amount of offset is: 
7 / a ) at least 3/34 i n ches and less than 1/8 inches when the bit diameter is less than 7 

inches, 

b) at least 5/32 iViches and less than 7/32 inches when the bit diameter is at least 7 
inches and less than 12unches, and 

c) at least 7/32 incpes and less than 9/32 inches when the bit diameter is at least 12 

inches. 
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48. The bit of claim 44 whereinvthe amount of offset is: 

a) at least 1/8 inches when tke bit diameter is less than 7 inches, 

b) at least 7/32 inches when\he bit diameter is at least 7 inches and less than 12 inches, 
and 

c) at least 9/32 inches when the \i\ diameter is at least 12 inches. 

<p i 

The bit of claim^4 wherein the bit comprises an insert bit having an IADC classification of 
6-1-x or higher series number. 
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The bit of claim J*4 further comprising a super-abrasive cutter element located on a gage 



row of the rolling cone cutter. 



)it of claim ^4 



jfi. The bit of claim *W further comprising a super-abrasive cutter element located on a 
secondary gage row of the rolling cone cutter. 

/ 

The bit of claim 44 further comprising a super-abrasive cutter element located on a heel row 
of the rolling cone cutter. 

id i 

-§6, The bit of claim 44- further comprising super-abrasive cutter elements located on all the 
inner rows of all the rolling cone cutters. 
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